conditions which are peculiar to the victim. Under the former we may include voltage, amperage, and the phases and character of the current; while under the latter we include the electrical resistance of the victim's body, his physical and psychical condition, and the path of the current. In pathological experiments we have also to take into account the species of the animal under examination. Each of these factors plays a r6le of more or less importance, which can only be determined by an analysis of the mechanism of the accident, and with due consideration of the disturbance of function.
The most important factor is the voltage. If the electrical tension is below a certain minimal value, the danger may be regarded as nil.
What is the exact minimum is still a matter of dispute. The point at which the voltage begins to be dangerous is usually fixed at 300 volts for an alternating current, and 500 volts for a constant current. Our experience shows that the danger-point should be fixed very mnuch lower. D-8 Jellinek: Electrical Accidents
We have ourselves seen several fatal cases with an electrical tension of only 110 volts; and a fatal accident is recorded from touching a wire carrying only 65 volts. This was the case of a workman who was removing the crust from a steam-boiler, and who cam-e into contact with an electric lamp. It is therefore a safe rule to regard every electrical installation as a possible source of danger.
With regard to voltage, it is interesting to note that there is an upper as well as a lower limit of danger-the lower one a minimum of a few volts, and the upper a maximum of many thousand volts, as in the high-frequency currents from a Tesla transformier.
The next factor of importance is that of amperage. Here also there is no danger unless the intensity of the current is above a certain minimum. This minimum is also a matter of dispute. It is the general opinion of electricians that a man can bear -lo ampere without fatal results. This, too, is contrary to our experience. We have seen a number of fatal accidents with an amperage much less than -1ampere. On the other hand, cases are recorded in which a man has taken 1 ampere or more without serious consequences. The result, in reality, depends on the combination of these two factors-voltage and amperage-and on the physical and psychical conditions of the victim.
An accident is usually caused by the victim touching one pole of the circuit, since most electrical installations are earthed, and the circuit is completed through the victim's body if his feet or other parts are in good contact with earth. With a low voltage, however, an accident can only occur if both poles are in contact with the victim.
With regard to the different varieties of current, it would seem that the continuous current is more dangerous than the alternating. The longer duration of action of the continuous current apparently produces more serious effects than the intermittent action of an alternating current of the same voltage and intensity.
Among the individual factors, the most important is the varying resistance of the humnan body. The skin is the great protection against the entrance of electricity into the body. The resistance of a dry and healthy skin is so great that, in comparison, the electrical resistance of the internal organs is quite negligible. From actual measurement, we find that the resistance of the integument in different individuals varies between 30,000 and 100,000 ohms, and may even be as high as 1,000,000 ohms for the dry, hard skin of a labourer's hands. The more delicate the skin, and the more freely it is supplied with capillaries and sweat-glands, the less is the resistance. On this account the skin of the 1& Electro-Therapeutical Section female is usually of lower resistance than that of the male. The natural protection given by the skin is reinforced by that of the clothing, more especially that of boots and stockings. This protection varies greatly according to the nature and condition of the clothing, whether they are wet or dry.
Since most accidents are caused by the earthing of a high-tension wire through the victim's body, the state of the ground on which he is standing is a most important factor.
Among floors which are absolutely dangerous I would mention those of bath-rooms, cellars, and mines, since they are usually made of conducting material, and are often wet. The danger of electrical installations in such places is therefore greatly increased. Floors which are comparatively safe are those which are covered with a carpet, or otherwise well protected. These, however, may be rendered dangerous by the presence of waterpipes, gaspipes, or other good conductors, leading to earth. Sometimes an old gasolier is adapted for the electric light, and if this has not been properly insulated, danger may arise from touching the electric lamp socket with one hand and the gasolier with the other. Several fatal accidents have occurred in Vienna from touch. ing the ordinary electric lamps when the victim has also been in contact with a metallic conductor leading to earth.
I will show you pictures of how such accidents are produced. Here is a picture showing a man touching an old gasolier; the current passed from his right hand through his body to the left hand, and so from the gasolier to the earth. The boy shown in the next picture wished to try what would happen if he touched the electric wire; he was instantly killed. The next picture shows a boy carrying bread through the garden to the house; he touched with his left hand the iron railing, which carried electricity. The day before a mechanic was working on the roof, and when leaving threw away a piece of wire, which remained connected and carried electricity to the trellis work. This was the cause of the boy being killed. The next shows another kind of fatal accident which we have had in Vienna. The man was employed to take out from a cellar an electric arc lamp. The lamp did not light, but in spite of that he was killed. It was a one-pole switch, and the lamp was in continuation with the other wire, so that when the man touched the electric lamp the current from this one pole passed through his body to the earth, and he was instantly killed. The next slide shows an accident which often happens-namelv, the breaking of a telephone wire in the street. These, of course, have electric tension, and unless people are careful they may easily be struck and wounded or D-8a
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Jellinek : Electrical Accidents even killed. It is difficult to free such a person, because the telephone wires are very hard, elastic and tough. In Zurich some rescuers tried to set free a man so caught, and in doing so the wire got round the man's neck, with the result that his neck was cut through-burned through by the enormous heat generated. On the screen I show you some small pliers which I have constructed for the purpose of freeing such wires. They are handy and can be carried in the pocket. The ordinary implements are enormously long.
The condition of the earth plays a very important role. All these accidents which I have shown you were produced by earth circuit. Another factor which plays a very important role is the particular path which the current takes in the victim's body. Many rescuers have been killed from touching such a victim. When the body is struck the electricity passes along two paths-one on the surface and one penetrating the body. In the Physiological Institute of Professor von Tschermak in Vienna we have made experiments on horses, which are very suitable because their bodies are long and the horse is susceptible to electricity. If we subject a horse to 100 volts, we can prove that part of the current goes through the body itself and part through the skin. I think this will enable us to account in some measure for the failure in some cases of electrocution in America. I shall mention this again later.
The mental condition is a most important factor. If you touch an electric wire intentionally, you can bear 100-volt, 200-volt, or even 300-volt currents. At the beginning of my studies I myself touched a 500-volt current, and I know an engineer in Vienna who has touched a 1,000-volt current, a voltage which may easily be fatal. There have been cases in which electricians have been used to receiving charges of electricity and have often intentionally touched conductors, but on doing so once accidentally, have been killed. Most of the victims we have observed in Vienna have been persons of experience, some of ten or fifteen years' experience, and yet they have been killed.
A similar phenomenon is observed in electrocution as practised in America. The prisoner is fully prepared for the passage of the current, and therefore the moment of surprise or shock which produces paralysis is absent. Of thirty-six criminals electrocuted in America, in no single instance was there instantaneous loss of consciousness followed by immediate death as so often happens in electrical works. This lack of success in the American judicial electrocution is, in my opinion, due in great part to the absence of this factor of surprise; the failure is also due in part to faulty technique, which causes the path of the electrical current to be partly deflected. When the human body is introduced 20 into an electrical circuit the current takes two directions-a direct path through the body, and a side circuit over the surface of the body. It is not the shortest way, but the way of least resistance, which is the most important. When the skin is covered with perspiration or moisture, a large portion of the current passes over the surface of the body, and the internal organs do not receive sufficient density of current. Moreover, in electrocution it is usual to employ a metallic helmet filled with cotton-wool drenched with salt solution; this solution runs down over the prisoner's neck and body, thus affording a path of low resistance, which allows the electricity to stream over the surface of the body instead of penetrating it.
Another of the individual factors which determines the gravity of an accidental discharge is that of species. Not only are various types of men very differently affected by the electric discharge, but different species of animals vary greatly in susceptibility. Among the animals on which I have experimented, I found the horse and the white mouse most sensitive to electricity. A horse is readily killed by a current of 100 volts, and a white mouse by 35 volts or less. Dogs and guinea-pigs show much more resistance, nearly as much as fishes and pigeons. On the other hand, I was quite unable to kill either frogs or tortoises by electricity, short of actual burning by the electric light arc.
From numerous experiments I have concluded that death by electricity is really in the first place merely suspended animation, which is later changed into real death.
I now want to show you some of the changes produced by electricity, for they are important not only from the scientific and clinical points of view, but because it is necessary to study them from the forensic standpoint. Electro-pathology plays a very important part in social life. The physician is called upon to give his opinion about an accident, whether it is grave or slight. He may be required to give evidence in the case of a claim being brought by a labourer, and sometimes his advice is sought in cases of self-mutilation in-order to get compensation. Electricity is used for suicide and for murder. I show you illustrations of lesions produced by electricity on the skin and tissues. The current also damages bones and viscera. In Vienna we have an electro-pathological museum in the Institute of Medical Jurisprudence, which we find of great use. These are the remains of the clothing of a boy who was struck by lightning, though he was not killed nor even rendered unconscious. Here are two splinters of glass from a window, which were found in the heart of a girl who was said to be killed by lightning. But it was only a so-called " false action " of 21 22
Jellinek: Electrical Accidents lightning. In the case of accidents from electricity we have been able, owing to the material we have in this museum, to reconstruct the accident. Once they wrote to us at Vienna, from the University of Lille, for advice in regard to an accident to a boy who was found at a distance of 10 metres from an electric plant, and was said to have been killed by electricity. We were able to answer that this was possible, and our answer was based upon our experiments upon animals. Later our opinion was strengthened by the result of our own experience of accidents. The next picture shows a man working with a bare, uncovered electric wire. He omitted to take out the safety fuse, and so handled a wire under electric pressure. Most of the accidents happened through carelessness, recklessness, and thoughtlessness. You see in this way he made a short circuit. The metal he had in his hand not only melted but volatilized and fell on to his face. You see the effects it produced. At first sight it looks like a very severe injury, but it turned out to be very slight. The same changes are seen on his hands. It is an impregnation of the superficial layers of his skin by volatilized metal (figs. 1 and 2). In three weeks he had recovered. The next shows the case of a girl who was killed in her bath. She touched with her hand the lamnp, which was not properly insulated ( fig. 3 ). When we came to see the body in the bath, the electric lamp lay on the body and was alight. When we lifted the lamp from her body the light went out, and when we put the lamp back it was again lighted. This diagram shows the method of connexion with earth. In the next case a man, employed in electrical work, was standing on a ladder, and gripped the wire; he immediately fell down dead. Notice the changes on the skin of the sole and the hole burned through the sole of his boot. This was the first fatal accident in Vienna from electricity. In the next case an electrician was employed on a transformer and wore gloves to protect his hands, but the glove did not reach high enough and, his forearm touching the electric conductor, the current passed through his forearm to his axilla. He leaned on the earthed railing and, the current passing
Section showing fine metallic particles in the superficial layer of the skin; internal laceration of the skin. through this all the rest of his body escaped. I show you the changes in the tissue of the forearm and axilla. The next slide shows the fingers of the left hand of the man whose left side was degenerated and atrophied, but three months later regeneration occurred and he recovered. Two years later the man was able to earn his living again. Next I show you some changes in the joints. We ca-n demonstrate here rarefaction of the bones produced by the electric shock. This tissue change occurs not only in the nervous but also in the vascular system. The next shows a case of self-mutilation. The man wound this round his finger seven times and touched an electric conductor, in order to 23 convince the inspector that he had had an electric accident. We could not understand how it happened, and eventually the man admitted that it was self-mutilation. The next shows a painter who was employed to paint a post. On this post there are two horns for lightning conductors. They were hidden by the branches and the leaves of the tree, and the man did not see them. Consequently, when he touched the overhead wire the current passed through his left hand, his body, and the post to the earth, and he was instantly killed. Notice the changes in his skin. In the next -case the man was engaged in connexion with a cable, and was to signal to his colleague when he was ready; but his colleague did not wait, and turned on the electricity, which passed through the cable through his knee to the earth. Notice the enormous lesion and loss of tissue which were produced. The muscles are wanting, and so are the FIG. 9 Accident caused by handling a badly insulated electric lamp. epicondyles, and the knee-joint is open ( fig. 4 ). He was brought into our hospital, and the surgeon who saw him urged amputation of the knee. I said, " It is not necessary to do that, because these electric lesions have a very favourable course of healing, and generally heal without fever or suppuration." They are all painless. When I began my studies twelve years ago, we made an amputation of the forearm of a man, because we were afraid of suppuration setting in and subsequent septicamia. But now, with better knowledge, we do not amputate, because we know how favourable the prognosis is in these cases. It was not possible to save this man, because he was so very badly burned over his body by the electric arc light, and he died four days later. You see the lesions on his back are very severe and there is an enormous loss of tissue. Here is a picture of a wound in the neck which looks like one produced by hanging. I call your attention to the wound above the ear.
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Electro-Therapeutical Section When the patient was brought in we looked for the lesion produced by the second pole. I could not find it because the wound was covered with quite undamaged hairs. But later there was a scab which revealed the situation of the second wound. These injuries are not always burns, though generally they are when there is an electric spark which comes into contact with the skin. The differentiation is important from a forensic point of view, because these electric lesions are painless. This fact is of use in cases where workrnen bring claims for damages on account of wounds which they say are very painful and keep them awake at night. Electrical wounds are not painful. The case here illustrated was that of a man who was working on an iron gallery in a small sufficiently covered. The current passed from his back to his body through his body to his feet, and so to the earth, but he did not become unconscious. His clothes were not much damaged, but there were enormous wounds on the body. Notice the changes on his hands where he touched the railings. The body of such a case (a man aged 60) was brought into our Forensic Institute, He was found dead in the factory, and we did not know what had happened. Examination-of the hands showed these lesions, and Professor Kolisko said immediately that he was killed by electricity and must have touched an iron railing. Examination of the place showed that this opinion was right. The scar following an electric accident is soft and smnooth, and does not shrink.
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Jellinek: Electrical Accidents This, as you know, is very different from the scar of an ordinary burn. I show you slides illustrating this. This man was employed in measuring the copper vase, which was not covered, and, grasping the copper wire, made a short circuit. The result was that the copper melted.
By good luck he was wearing glasses, and this saved his eyes. I show you a photograph of the glasses now; the opaque spots are yellow spots which show that the metal got down so deeply into the glass that it could not be removed. The glass is quite impregnated by it. Here is a case of ophthalmia electrica. The next photograph shows recovery four weeks later. Now I show you the results of microscopical examination. We have seen that there is degeneration of the nerves, and how it is produced. I have examined the brain and spinal cord from a man who was killed by electricity, and I sbow you here a slide from the medulla oblongata, showing the boundary between the grey and white substance. On this boundary there is a haemorrhage. You can see also the ganglion cell. The ganglion cell is destroyed, and the nucleus lies outside of the cell. There is a similar destruction in the brain. The next slide is from a guinea-pig which was subjected to the electric current. Here you see the blood which has penetrated into the cell.
Next I show you a slide to demonstrate the strength of the current. Here is a gaspipe which we obtained from the County Council of Dresden, and here is a waterpipe from the City of Erfiirt, sent to our Electro-pathological Museum. See how the pipe is broken, and its surface shows corrosions; this is produced by currents which go into the earth, and that this corrosion can be so produced is very important from the hygienic point of view. In Vienna a waterpipe was damaged by this means, and you can understand that if a gaspipe were made to leak in this way, and the gas were ignited by the electricity, the results might be very alarming. The next slide shows a piece of cable, and you see the steel cone, with holes made in it by the labourer's pickaxe, as a result of which there was short-circuiting, and the cable at once destroyed.
I wish now to speak of death by electricity. What is the mechanism of death by electricity ? How is death produced ? As there are many who have been engaged on this question, so we have many opinions. The first author who worked at this question was the French physician Marat; that was before he became a Revolutionist. He worked with a charge from a Leyden jar, with insulating gloves, and said that death by electricity was death from irritability of muscles. Some say that death by electricity is primarily produced by stoppage of the heart; others say it is by paralysis of respiration; others that it is a paralysis of the brain, and so forth. I do not agree with any one of them, but I agree with them all together; all are right. Death occupies only a fraction of time.
Even if we had a stop-watch we could not differentiate. For instance, a man is struck by lightning, and falls down. He raises himself, and speaks to his companion. If he speaks he must be able to breathe. Then he falls dead, because his heart has stopped. Dispute on this point is quite useless, for everybody is right. In many cases it is apparent death, it is suspended animation, and many victims might have been saved if this idea had been more prevalent. If the physician cannot feel the pulse he often says the man is dead. But if artificial respiration is done, the victiin revives. The first case recorded was that by D'Arsonval, of Paris, when he was called to a victim two hours after the accident. This artificial respiration must be continued for hours. Another point I wish to accentuate is this: if a person is struck by electricity, the rescuers run away for a physician, they run to the telephone, &c., instead of immediately commencing artificial respiration. The instructions for first aid which are in use in Austria, and Germany, and America, are not in accordance with present knowledge. The following are the instructions for first aid in electrical accidents issued by the Union of Austro-Hungarian Electrical Works, according to the resolutions passed at the Congress of Milan in 1909, and Salzburg in 1912, and recommended by the Austrian Government for use in electricity works in June, 1912:
FIRST AID IN ELECTRICAL ACCIDENTS.
(1) Remove the victim from contact with the live wire. (a) Cut off the current at once by opening the nearest switch, by removing the safety fuse, by severing the wire, or by short-circuiting the current. Use an insulated tool, a piece of dry wood, a hatchet with a dry handle, or wire nippers with insulated handles.
(b) The rescuer must take the greatest care to see that his own hands and feet are insulated. He should stand on a dry board without nails, a dry coat, carpet, or stool; he should protect his hands with the sleeves of his own coat, a dry cloth, or, better still, india-rubber gloves.
(c) The rescuer should place an insulating material under the body of the victim, a dry rug, or sack, or a board without nails or other metal. Sometimes it is possible for the sufferer to tear himself free from the wire by leaping into the air, and dragging himself free while the earth contact is broken, or the rescuer may lift the patient from the ground whilst himself standing on an insulator. He should avoid touching the 27 28
Jellinek: Electrical Accidents sufferer without proper insulat'ion, and on no account should he touch the bare skin without this precaution. When the sufferer cannot free himself from the contact, each of his fingers should be carefully freed one by one, wrapping each one as it is removed in a dry cloth. (d) If the wire is wound round the victim, it should be removed with well-insulated hands. The live end of the wire must be held fast or tied back to an insulator in order to avoid further accident.
(2) First aid should be undertaken immediately, and the sufferer must not be left alone even for a momient.
(3) The patient should be laid in a horizontal position, the clothing loosened, and the upper part of the body stripped, so as to admit air and light.
(4) The head of the patient must not be allowed to hang down, but should be slightly raised on a pillow formed of a folded coat.
(5) If the. patient is unconscious, means of resuscitation should be adopted at once.
(a) The mouth, nose, and throat should be examined to see if the air can enter freely. Any mucus, food, or false teeth must be carefully removed.
(b) On no account must any liquid-water, wine, or brandy-be given to a patient in an unconscious condition.
(c) If there is no movement of breathing, artificial respiration must be commiienced without a moment's delay.
(d) If there is only one rescuer, he should kneel with the head of the patient between his knees. Taking an elbow of the patient in either hand, he presses them firmly together against the patient's chest; he then separates the arms, drawing them sideways and upwards over the patient's head as if the patient were stretching himself; the elbows are then again brought into contact and pressed against the patient's chest; and these motions of expiration and inspiration are repeated some fifteen times a minute.
(e) When there are two helpers, one of these should be sent immediately to fetch a doctor, while the other continues the artificial respiration.
(f) With two helpers, one kneels on either side of the patient, each taking one of the patient's arms by the wrist and the middle of the upper arm. The motions are repeated as above, care being taken that both arms are moved in unison. These movements should not be too quick, the upward and the downward motion being repeated from fifteen to twenty times a minute. Any forcible inovements or rough pressure on the stomach or liver should be avoided.
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(g) In case of necessity, artificial respiration should be kept up for two or three hours. Many cases have been saved when the victim has been apparently dead for hours.
(h) Where there is only one helper, and he greatly fatigued, he may from time to time make use of another means of artificial respiration.
For this he kneels astride the patient, and with a clean handkcerchief seizes the patient's tongue with his right hand, the left hand being placed flat on the patient's chest. He now alternately draws the tongue forcibly forwards, and presses with the left hand on the patient's chest, while allowing the tongue to recede. This alternating motion should be repeated twenty times a minute.
(6) Whilst the artificial respiration is being carried on, the second helper should feel and listen for the beat of the heart under the left nipple. If no heart-beat is to be detected, he should immediately proceed to stimulate the surface of the chest over the heart. This may be carried out by rubbing with cold and hot towels alternately, by slapping the surface of the chest with a wet towel, or even striking the neighbourhood of the heart with the closed fist.
(7) Of course, the preceding instructions must be modified if the patient is seriously injured by wounds or broken bones.
(8) The treatment may be varied by stimulation of the soles of the feet, by cold irrigation of the bowel, or by alternately pouring hot and cold water over the chest and abdomen. In no case should the subsidiary treatment be allowed to inte?fere with the continuance of artificial r espiration.
(9) During the whole process of restoration the patient should be carefully watched for any return of the natural breathing. The return of consciousness should be encouraged by calling the patient by name, by stimulation of the skin, slapping the chest and face, &c. After the return of consciousness the patient should still be watched, and not left alone. He may have warm drinks-coffee, tea, or a little alcoholand should remain for some time in a semi-recumbent posture.
(10) The treatment of burns or superficial injuries, which usually follow a very favourable course, should be left to the physician. The only complication which may require first aid is the occurrence of haemorrhage.
The blood-pressure changes vary according to the tension. Up to 80 volts the blood-pressure rises, but with a higher tension in the same animal the blood-pressure falls, so much so that the heart stops. I have tested in the Physiological Institute of Professor von Tscherniak, in 29 30
Jellinek: Electrical Accidents Vienna, not only the pressure in the carotids, but have taken a kymographic tracing of the apex of the heart. You see that when we subject the animal to a voltage of 110 the blood-pressure drops (fig. 5 ). In a dog we notice the waves are greater, and 80 volts for only a short time give us a fibrillary curve (tremulations fibrillaires). After a few seconds the heart-beat is sometimes better again, especially in a rabbit.
I now wish to call your attention to some experiments I have made, and which I do not myself understand. On subjecting an animal to 110 volts the blood-pressure decreased, and afterwards increased again. When I use that voltage with two poles, one in the mouth and the other in the rectum, and electrolyse the vagus nerve, the blood-pressure decreases at the same rate. But if I subject the same animal to the danger of a fatal current, we see the absence of this decrease ( fig. 6 ). So all we can say is that we have thus produced an immunization against electricity by electricity. And this seems to me very important. Professor von Tschermak and myself, after chloroforming a dog, opened its skull, and then irritated the fore and hind legs; these curves show every movement, and how long the irritation lasted. I subjected the animal to an electric shock of 120 volts for three seconds. What happened ? The blood-pressure rose for a short time, but then decreased continuously until we got this abscissa. I could not indicate the breath-ing on the one diagram. The spasm of the legs lasted forty-five seconds. I then irritated with a current of medical strength, and you see the result. The movement ceased about one hundred and five seconds after the shock. What can we learn from this ? That after the shock the brain is enormously excited, but after this excitement the irritability subsides, and there is decreased susceptibility to electricity (fig. 7 ).
There is a paralysis of the brain, but that paralysis is not definitive, the irritability of the brain returns. So in the case of victims, everything depends on whether the action of the heart returns. down unconscious, but after a time he is able to raise himself up and speak, in spite of the fact that his heart is not beating. But this excitation of the brain cannot last for long, and that is the reason prompt first aid is of such immense importance; it is the critical timethe time of payment to death (Verfallsfristanden Tod). Ten years ago this question had not been decided. I show you some slides of experiments with the electric current on rabbits; you see the degeneration of the sciatic nerve.
When a victim is struck by an electric current you should know how to free him without becoming yourself implicated; a person seeing another drown has regard also for his own life. It is not possible to teach in writing how to free the victim of an electric discharge; it should be practically demonstrated to pupils and electricians.' Immediately after freeing the victim you must attend to the patient's breathing. If a fellow-workman lays the victim on his face, his efforts at restoration may injure the liver and cause fatal haemorrhages. Or he may press out the stomach contents. In one case, after an electrical accident in Vienna, the stomach contents were pressed out into the trachea and inspired into the lungs, so that the inan was really drowned by his own food-stuffs. The great point I would insist on all through is that efforts at restoration must be commenced at once, and artificial respiration must be done carefully, but not forcibly.
Dr. Jellinek concluded by demonstrating the way in which accidents happened, and the manner of dealing with them, by means of the cinematograph.
DISCUSSION.
Dr. LEWIS JONES said he was sure he could speak for all present in thanking Dr. Jellinek for his paper. The hour was late, but there were one or two points which he might just mention, and one was that the cases he had seen of people who had very serious non-fatal accident did not appear to suffer from any after-effects of a nervous character. He mentioned the point because from time to time he had read accounts of persons bringing legal actions for compensation and describing themselves as suffering from all sorts of nerve symptoms as the sequel of an electric shock. The second point was that in some cases where death was not caused by the primary effect of the electric shock, a fatal result might follow from the very serious thermal effects produced by the passage of large currents through the limbs. A few years ago there was an accident in which a young man received such large currents through his body that the muscles and blood-vessels of the limbs underwent a heat coagulation necessitating amputation. He survived the accident for nine days, and it seemed strange that though the current in that instance had been so great as to raise the temperature of the limb sufficiently to destroy the living tissues, nevertheless the heart had not been arrested by the electric shocks.
Professor SILVANUS THOMPSON said that a great many things which Dr. Jellinek had mentioned had been of extreme interest to him, and though, happily, he had nlever seen a man killed by electricity, he had seen various 'In some schools of Vienna (K. K. Gewerbeforderungsamt und Technolog. Gewerbe M\1useum) we teach the pupils by means of pictures and lantern slides (from our Electropathological Atlas) how electrical accidents originate and how to avoid them. accidents of other kinds, where machinery had been put out of order and destroyed. Some seventeen years ago he took out a life policy for himself in a certain insurance office. When the policy came to him to be duly signed, it was found to contain a clause stating that he (Professor Thompson) would on no consideration step upon a switchboard of an electric lighting station. He promptly scored it out and said he would not sign it, as that was his business. The insurance company in the result omitted it. Many people interested in electricity had to go on switchboards from time to time, and he was surprised that the number of accidents in connexion with them were so few, particularly on high-tension switch-boards, considering the risks which the special workmen had to run in fitting and adjusting things on them. He could only conclude that the immunity they had was due to the circumstance that they were mostly highly skilled men, who were able to appreciate the risks which they ran. And that was not all, for at this lecture he had been learning to appreciate that the Government of this country made useful regulations which certainly would have prevented some of the accidents which had been depicted as occurring in Austria. For instance, the fencing of electrical machinery was carried out in this country in a way which was superior to that in any other which he had visited. We had a Home Office, with a Mining Department, and a Board of Trade, which looked after these things. We were apt to blame our Government Departments for their grandmotherly legislation and their details and their inspectors, but it was undoubtedly because we had these things that we were so immune from accidents. Mr. Ram, who was sitting next to him, had for years been adviser to the Home Office, as Mr. Trotter advised the Board of Trade, on questions of this kind; and there were other inspectors for mining. People should reflect, too, that they owed a great deal to the gentlemen who had been put in those positions, for they had, without creating any antagonism on the part of the industry, succeeded in carrying out good and effective rules for the regulation of the dangerous trades. The very first slide thrown on the screen showed an accident whicb arose from an electric lamp being attached to a gas fitting, a state of affairs which was impossible in this country if the regulations were obeyed. No insurance office would pass an installation of that kind, unless that fitting was detached from the gas pipe, and hung independently from an insulated support. Again we had to thank grandmotherly Government Departments and insurance offices for the advantages we enjoyed of comparative immunity from accidents due to the presence of unprotected conductors. The comparative insensibility to the result of electric stimulation of those who, like himself, were constantly receiving slight charges of electricity, made one wonder whether those who did so were not specially immune from the greater danger.
Mr. G. SCOTT RAM (Electrical Inspector, Factory Department, Home Office) said he was somewhat surprised to notice, from the pictures exhibited, showing the resuscitation of those apparently dead, that the old Silvester method was still advocated. Recently, in this country, Professor Schiafer's method had been adopted very largely for drowning cases, and was 34
Jellinek: Electrical Accidents recommended for electric shock. It was now used entirely by the Metropolitan Police. Though he had known of a number of cases of electric shock which had been brought round by the Silvester method, nevertheless the medical men who had given advice to the Home Office and other departments on these matters had pointed out that the Schafer method had proved so much better in drowning cases, that it must also be better for electricity, and it was now generally recommended. The recommendation was, however, only of recent date, and he had not had actual experience of any case in which the method had been used for electric shock; but that day he was looking at a work recently published by an American, Dr. Lauffer, attached to the Westinghouse Electric Company at Pittsburg, in whose extensive electrical works and stations he had had a wide experience, and he recommended the Schafer method. Dr. Lauffer gave an example where in one of the works the chief electrician had dealt with six cases of electric shock in which the victim had been rendered insensible, and in every one had been brought round apparently by the Schafer method. The lecturer did not touch upon the relative dangers of the alternating and the continuous current. It was frequently stated that the continuous current was more dangerous than the alternating; but he did not consider that statement was borne out by the facts. In the last ten years he had had under his notice on premises under the Factory Acts forty-five cases of persons killed by alternating electrical shock at 250 volts or less, as against only three by continuous current, though he believed the alternating current and continuous current were used to about an equal extent. One thing he would like to comment upon, as the lecturer had done so -if he had not he would not have cared to refer to it himself in such an assembly-and that was that if only one person were present, he should not run for the doctor, but, as the lecturer had very rightly insisted, he should commence resuscitation measures without delay. It was also wrong to send the patient, perhaps some distance, to a hospital before he had been brought round, as he might die on the way. In one case which came under his notice a man had a shock at a switch-pillar in the street and was rendered insensible. A policeman was passing at the time and saw it was an electric pillar, and ran across the road and told a doctor what had happened. The doctor told the policeman to take the man to the cottage hospital, which was a mile away. It was half an hour before he could be got there, and he was then pronounced to be dead. That man did not really have a chance. Sometimes medical men did not seem to give these cases sufficient time. He had known cases where a medical man had been sent for and pronounced the patient dead, and had gone away within half an hour of the accident. In one well-authenticated case the victim's friends decided to "have another go at him," and succeeded in restoring him after he had been pronounced dead. One sometimes saw results which it was difficult to account for. The effect of the current must depend on what part of the body it traversed. One recent case, unlike any others he knew, was interesting in the fact that the current did not appear to have passed through any vital part of the body. The ground of certain works had become charged by leakage from a 400-volt alternating three-phase circuit. It was found to be so charged, and workmen were cautioned against walking over that patch. One man said he did not care and started to walk over it; he fell down and was killed. The current must have passed up one leg and down the other; and it was difficult to understand how it could have gone to his heart, or how it could have interfered with his breathing. He had notes of other interesting cases, but the hour was too late to deal with them.
The PRESIDENT (Dr. Reginald Morton) said he knew that many felt they would like to continue the discussion, but, as had already been said, the hour was late, and before asking Dr. Jellinek to reply he wished to say how deeply the Royal Society of Medicine was indebted to him for coming all the way from Vienna to address them. He knew it had been done at a considerable sacrifice of his valuable time. The address was a masterly production, and it showed that he had done an enormous amount of very careful and painstaking work, and in a manner possible only to a man whose interest in it had practically amounted to a passion. He hoped that the points which Dr. Jellinek had impressed on the meeting would, from that day, be much more widely disseminated. The knowledge of the medical profession on the question of electrical accidents was deplorably small, but this was chiefly because the ordinary practitioner saw so few cases. He might go through his whole professional career without coming across one instance of the kind under discussion. It should be clearly understood that the first thing to do in a case of electric shock was to apply the ordinary simple method of resuscitation, and if that were properly grasped it would be a great gain. Dr. Jellinek had proved that the critical time was the first few seconds or minutes after the shock, and that was pre-eminently the time to act. These facts should be made known throughout the electrical industry as well as the medical profession. Dr. Jellinek showed one photograph which revealed rarefaction of the ends of the bones in the wrists which he said was due to electric shock.
No doubt this was correct, but the question which arose in his mind was as to whether it was a primary result of electric shock or secondary to a previous arthritis. [Dr. JELLINEK: I think it was primary.] It should also be remembered that electric wounds were, for the most part, painless; and when self-mutilation was carried out by this means the patient was almost sure to complain of pain, often saying it produced loss of sleep at night. Though he had been interested in electrical matters for a long time, he had come across only one instance of electrical injury, and that was in a generating station at Taunton, where there was a small 35-kilowatt machine, which the engineer treated with scant respect. One day he made a short circuit, the current passing from little finger to thumb. The wounds were just of the kind Dr. Jellinek had described, quite painless, and healed up in about ten days, with only a little exfoliation. He was sorry Dr. Jellinek had not found time to speak of the psychological effects, for one case had been recorded in which the death of a person occurred when touching a conductor which at the time was quite dead: the victim thought he had touched a live wire and suddenly died. This was an extreme instance of the psychological factor determining 36
Jellinek: Electrical Accidlents the severity of the accident. The film shown belonged to the Austro-lIungarian Government, and he was sure the meeting would wish to express its deepest gratitude to that Government for allowing it to be brought for the edification of the meetiDg.
Dr. JELLINEK, in reply,. said that Dr. Lewis Jones had mentioned the difference between the effects of highand low-tension currents; he agreed it was sometimes difficult to explain why 100 volts were fatal and yet 1,000 volts could be received without much injury. But it was interesting that the danger-point in electrical voltage had not only an inferior but also a superior limit, and it did not seem possible to explain this from a physical standpoint. Professor Silvanus Thompson mentioned accidents on switchboards, and expressed wonder that they were not more frequent. He was of the same opinion. Though there were accidents enough in Vienna, there were still more in Germany. But he must, in honour of the Austrian Government, and in honour of electro-technicians in Austria, say that the instructions were so excellent that, if they were observed, no accidents would happen. He wished to emphasize his statement that carelessness, recklessness, and thoughtlessness were the chief causes of accidents. Mr. Ram spoke of artificial respiration by Professor Schiifer's method. He knew this method very well, because he once used to employ it; about three months ago he published a paper' in the official journal of the medical faculty of his University on the subject of first aid, and specially discussed the Schiifer method. The ordinary labourer in Austria did not know which was the stomach and which the liver, especially if the victim were lying on his face. In Pittsburg the Westinghouse practice seemed to be to use force, and there was danger of rupturing viscera. They had had fatal accidents from violently carrying out first aid-one after supposed death by lightning. There were, especially in Germany, machines to induce artificial respiration, and there seemed to be the idea that one must procure a promoter; but one could not have so many promoters that there should be one wherever an accident happened-moreover, precious time was wasted in obtaining the machine. MIost of his fatal cases were caused by the continuous current; and, judging by the chemical action, the corrosive electrolytic action, the continuous current seemed to be more dangerous, but this question was undecided. He did not say "Don't send for the doctor,"
but " If there is only one person present he should try artificial respiration, and if another person comes, send him for the doctor." His experience agreed with that of Dr. Morton that electrical wounds were painless. He was happy to hear the President mention the fact that his Government had sent the film, and he was glad to be allowed to bring it. It was satisfactory to know that the representative of the Austro-Hungarian ambassador was present, and he would be able to acquaint his Government with what had been said.
' " Die Organisation und Durchfuihrung der ersten Hilfe bei elektrischen Unfiillen," Wien. klin. Wochenschr., 1912, xxv, p. 962. 
